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3.

Abstract (continued)

The development of improved subretinal microsurgicél

techniques to evacuate subretinal hemorrhages.

4. The study of the toxicity and efficacy of tissue plasminogen
activator (TPA) as a fibrinolytic agent to assist in removal -

of laser~induced subretinal blood clots. -

These objectives were all achieved.

We were able tc show that it

is possible to treat laser induced eye injuries using ultramicrosurgical
Subretinal hemorrhages were removed

with minimal subretinal trauma using TPA injected into the subretinal
These ultramicrosurgical techniques

techniques which we developed.

space in experimental animals.
are now being used in human patients,

We found that a window of

time exists following laser eye injury extending from day one to

day six, during which ultramicrosurgical evacuation of laser induced
subretinal hemorrhages has an excellent chance of reducing long term
scarring and secondary loss of visjon.
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INTRODUCTION
1. Background:
(a) Basis:
Damage in the human retina/choroid resulting ffom medium to high energy
lasers can be divided into two phases. The first phase constitutes the acute effects
6f the laser itself, and the second phase ié composed o‘f.the histological response

of the eye to the initial damage. Clearly, little can be done about initial damage
after the injurious event. However, it is quite pro‘b;able that surgical intervention
to remove blood and other substances which stin{ulate tissue proliferation can
avoid the development of cellular membranes in the vitreous body and on the inner

and onter surfaces of the retina. Such membranes/invariably lead to mechkanical

forces or the retina and underlying structures which lead to loss of vision and

blindness. The research on surgical intervention ;'Troposed here will include the

development of ﬁew microsurgical techniques for the removal of subretinal blood,
blood clots, and membraneé, as well as the use of novel adjuvant enzymes such as
tissue plasminogen activator-to liquify clots so that they may be removed mdre
easily without destruction of the retina. |
| (b) Previous work:
The literature now contains many reports of accidental laser exposure
leading to ocular damage (Cﬁrtain, et al,, 1968; Dannhein, et al., 1977; Gass, et al.,

1984; Marshall, et al., 1978; Fowler, et al., 1983; Beatrice, et al,, 1973; Zweng, et
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al,, 1967; Bleckmann, et al., 1981; Kearney, et a}., 1987; Lang, et al., 1985). The
casé reported by K'earney, et al. (1987) is represent#tive of many of the cases
found in the literature. An accidental eye injury produced by a g-switched
Nd:YAG laser target designator was reporte'd in a 21-year old soldier_. The
Nd:YAG laser target designator had a nominai output of 50 Mj ta 1064 nm and a
beam diameter of 4 cm, and was operating with a pulse duration of 20 ns at 10 Hz.
The soldier noted a bright flash of light, turned his head, attempted to look away,
and covered his eyes wiih his h'ands. He immediately nqtice’d a red globular haze
in the vision in his right eye and visual acuity répidly decreased to 20/ 400‘ He was
found to have a smail vitreous hémorrhage, three visible retinal lesions, and each
lesion was accompanied by varying dégrees of subretinal hemorrhage. The
subretinal hemorrhage was confirmed by fluorescein angiography. The vitreous
hemorrhkage gradually settled and cleared, whereas the laser burns and subretinal
after | the injury, as the choriore:inal scars were not in the central rﬁacuia.
However, four months following'injuf;', the vision had decreased again‘ and there
was evidence of striate retinopathy with a fibrous epiretinal membrane. Similar
reports by Bleckmann, et al., (1981), Boldrey, et al., (1981), and Manning, et al.,
(1986) indicate that subretinal and vitreoﬁs hemo‘rrhage are common events in
medium to high energy laser burns to the retina and choroid. These literature

citations suggest a composite picture of the pathological sequelae of medium to
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high energy laser exposurc to the eye. First, tissue in the retina and choroid is
destroyed by immediate thermal explosive injury. This is an acute event which s
not reversible. Immediately after suchan exposure, hemorrhage occurs at the level
of the choriocapillaris, Ieading.to' subretinal deposition of blood and often
hemorrhage into tie vitreous body as well. Such mebile pools of blood then go on
to clot, and srbsequently become organized as cellular elements replace the
thrombus. Eventually, cellular membranes appear in the vitreous body and on the
inner and outer surfaces of the retina. When such membranes mature and deposit
extracellular matrix, tractional forces are exeried on the retina and underlying
structures which lead to detachment of the retina and blindness.

The clinical course and manégement of subretiﬁal hemorrhage has been
addressed by de Juan and Machemer (1988). These authors note similar
progression of hemorrhage to fibrotic tissue, although the etiologies of the
subretiral hemorrhages considered wers different. In general, it appears that once
liquid blood be~omes clotted, surgical removal c¢f such material, or of cellular
scars representing later stages of the histological response, most often leads to
severe mechanical damage of the retina and retinal pigmented epithelium.
Endosurgical techniques to remove subretinal strands occurring in the natural
progression of proliferative vitreoretinopathy are now appearing in the literature

(Eckardt, et al., 1985; Trese, et al., 1985). These approaches involve the use of
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intentional retinotqmy in order to gain access to subrctinal strands, which are then
grasped with an instr'um_entISf:ch as the de Juan forceps, and removed. Intentional |
retinotomy is also freqﬁently used in order to gain access to the subretinal' space
in order to remove subretinal fluid (Doft, 1984). In general, de Juan’s comments
on surgical ;'ntervéntion for subretinal hemorrhage encapsulate the problefn. Once
a thrombus is formed, and vthe clot becomes organized by cellular invasion, surgical
intervention often involved both destruction to the retina and underlyiﬁg structures
as Well as the initiation of proliferative vitreofctinopathy. |

Nonsurgical approaches to the problem of intraocular hemorrhage have also
appeared in the literature. Several studies have propossd the use of a
plasminogen activator, eithei‘ streptokinase, urokinase, or tissue plasminoge‘n
activator (TPA), for the lysis of intravitrea! clots or clots in the anterior chamber
(Gundorova, et al., 1983; Textorius, et al., 1983; Belkin, et al., 1983; Chen, 1983;

Kokacek, 1983; Chattopadhyay, et al., 1982; Forrester, et al., 1982; Bransen, 1978;

Peyman, et al., 1978; Chapman-Smith, et al., 1977; Romashchenko, et al., 1985).

Alfhough plasminogen activators clearly possess the ability to lyse fresh clots, and
in some cases prevent attendant fibrosis, many authors felt that either
streptokinasze or urokinase were potentially too toxic for ocular structures. With
the advent of recombinant tissue plasminogen activator, which is apparently clot-
specific. hopes are on the rise that this modality of therapy may become a useful

adjunct to surgical therapy for intraocular hemorrhage.
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Several articles have dealt with animal models of medium to high energy
laser damage and/or subretinal hemorrhage. Although one of these articles,
(Glatt, et al., 1982) deals with injeétion of autologous blood, most studies utilize
laser energy to produce‘subretinal hemorrhage (Chino, et al., 1986; Ishibashi, et
al., 1987, Borges, et al., 1987; Mosiér, et al., 1987; Docchio, ét al,, 1987, van der
Zypen, et al., 1985; Blankenstein, et al., 1986; van der Zypen, et al., 19“86; Brown,
et al.,, 1986; Sameshima et al., 1986, Mosier, et al., 1985; Yumita, et al., 1986;
Lorenz, et al., 1986; Yew, et al., 1983). In the vast majority .of reports; either thé
g-switched Nd:YAG or the g-switched ruby laser were used to study ocular

damage, although reports on the Nd:YAG in its free running mode, the Krypton

laser, and various dye lasers also appeared. In generul, with the longer visible

wavelengths and near infrared wavelengths, the histological results were very
similar. As summarized above, these wavelengths cause deép burns in the choroid,
and if applied wit‘h enough energy, also lead to subretinal and vitreous
hemorrhage. Most if not all of thc reactive proliferatio~ which causes further&,
| damage to ocular structures car then be directly reiated to the presence of these

hemorrhages.

2. Hypothesis
The hypothesis which was tested in this work is that early surgical

interventionfor vitreous and subretinal hemorrhage resulting from medium to high
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energy laser burns to th- retina/choroid would lead to improved visual recovery
when compared to untreated controls. This study developed surgical and adjuvant
techniqueé which are directly applicable to the management of vitreous and
subretinal hemorrhage in the humah‘e‘ye, résulting from both laser injury and other

etiologies such as age-related macular degeneration.

3. Technical Objectives:

The technical objective of the first research milestone was to create a
subretinal hemorrhage by injection of autologbus blood in the cat which clinically
resembled as nearly as possible' subretinal hemorrhage seen fn humap patients.
Although the cat retina does not have a macula, per se, it does have an area
centralis and is considered to be euangiotic, and is thus an appropriate model. In
further experiments with the cat, in which subretinal and choroidal hemorrhages
were produced with a q-cwitched Nd:YAG laser, a compafispn was made between
the ultrastructure and the burn and reSulting histological changes in the cat
retina/choroid with such features already demc-)nstratevd in other species. Nd:YAG
laser-produced injuries in the cat should provided a direct working model for the
evaluation of experimental surgical techniques. The objective of the development
of aew surgical techniques was to overcome damage that may result from the
surgical removal of clotted blood or subretinal fibrotic membranes resulting froﬁa

previous hemorrhage. Among the techniques developed were better microsurgery
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under the retina and the use of adjuvant substances, such as tissue plasminogen
activator, to dissolve clots. Techniques developed in the cat are directly applicable

to human surgery.

4,  Military Significance:

The goal of this project was to develop and test surgical techniques for the
treal:ment of hemorrhagic complications of laser induced eye injuries. With the
steadily incréasing use of lasers for military applications, both as aiming devices
and possible weapons, as welll as the possibility of exposure of military personnel
to other brighf light sources, the risk of injury is very clear. This new treatmen.t
will speed visual rehabilitation, decrease the extent of injury, a‘nd prevent late
complications. It can also be used as a therapy for age-related/senilé macular

degeneration which has similar subretinal hemerrhage of spontaieous origin.

5. Methods:

(a) Préparation of Animals:

Domestic cats, 2-4 kg, either sex, was obtained from the University of
California, Davis Animal Resource Services. The cats were given standard
veterinary care and vaccinations. For brief procedures of up to 0.5 hours, the cats
were given 30 mg/kg Ketamine and 0.3 mg/kg Acepromazine as an intramuscular

injection. For longer procedures, the animals was anesthetized with 25 mg/kg
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Ketamine and 0.04 mg/kg Acepromazine, and then intubated for Halothane

anesthesia with an Ohmeda small animal anesthesia machine. Laryngospasm will

~was avoided by the topical application of 4% Lidocaine to the vocal cords. The

pupils were dilated with a mixture of 5% phenylephrine and 0.25% tropicdmide

‘applied to the cornea. Color fundus photographs were made using 'a fundus

camera.

(b) The Injection of Subretinal Blood:
Cats were anesthetized as described abbve and the pupils dilated. One eye
was prepared for eye surgery in sterile operating room conditions. A conjunctival
peritomy was performed and the recti muscles secured with 4-0 silk sutures. A 27

gauge peedle was placed through the sclera postericr to the equator and the

- needle placed through the choroid into the subretinal space. The needle was

observed through the operating microscope (Zeiss OPMI 6) and a flat-faced
contact lens on the cornea. When the needle was visuvalized in the subretinal
space, 0.1 ml of autologous blood was injected into the subretinal space in the area
centralis. Pre- and post-operative fundus photographs were obtained with a
Topcon fundus camera. Following the creation of the subretinal hemorrhage, the

cat was randomly assigned to observation or surgical evacuation of the subretinal

hemorrhage.
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(c) Creation of Subretinal Hemorrhages:

Subretinal blebs were created in the tapetal retina with a glass micropipette
stabilized with a stereotactic micro-manipulator’. Glass 'rriicropipettes' of 550 um
in oﬁtside diameter (In Vitro Dynamics, Rahway, NJ) were fabricated to a 40-60
ﬁm outside diameter tip and protected within a retractable 20-gauge sheath
(Mellov} Manufacturing, San Rafael, CA). Balanced salt solution (BSS) was
infused in the subretinal space at a rate of 5 to 10 ui/min for one to two minutes
to create a subretinal bleb. A neodymium YAG laser (VisuLas YAG, Zeiss,
Germany) was focused through a flat fundus contact lens onto the tépetum just
inside the edge of the bleb. The aiming beam was slightly defocused and the laser
was discharged resulting in formation of a subretinal hgmorrhage. Approximately |
two to ten laser shots from 10 to 25 mJ were required to create a subretinal
hemorrhage. As blood rushed into the subretinal space, the size of the
neurosensory retinal detachment variably expanded. Slit lamp biomicrbscopy,
indirrre;f ébhthalmoloscbpy, and fundus photography were perforiﬁéawa? selected
time points. The sizes of the subretinal hemorrhages were measured from the
fundus photographs in terms of optic disc diameters (one disc area of cat = 0.9
mm).

(d) Removal of the Subretinal Hemorrhage:
Removal of subretinal hemorrhage was performed using the standard

vitrectomy approach. The techniques for removal of subretinal fluid by creating
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small holes in the retina and aspirating fluid from und‘erneath the retina using
transvitreal aspiration needles havé been used clinically. However, the viscosity
and possible clotting of subretinal blood has created prbblem's. In this case, the
retinotomy needs to be emlarged or possibly a suction.-cutting device used to
evacuate the subretinal blood. Alternatively, solutions of tissue plasminogen
activator were injected to lyse the clot and thus improve the ability of the clotted
blood to be removed. Once this technique was perfected, the eyes that were
selected for removal of subretinal hemorrhage underwent vitrectomy with removal
of vitreou§ hemorrhage, if any, and also removal of subretinal heme with the
retinal reattachment. foe retinal reattachment was secured by filling the vitreoﬁs
cavity with a temporary air bubble at thé end of the operation. |
(e) Surgical Removal of Vitreous Hen.orrhage:

For removal of vitreous hemorrhage, wé used the established vitrectomy
techniquebs, at an earlier stage than is usual. Briefly, the cats were be placed under
general anesthesia as described above in (a) Preparation of Animals, and prépared
for eye surgery under sterile conditions. A conjunctival peritomy was performed
and sclerotomies made 3.5 mm behind the limbus superonasally aﬁd supero-
temporally. An irrigation cannula was placed through one sclerotomy for
continuous infusion of Lactated Ringer’s solution. The Micro-Vit vitrectomy unit
wwas placed through the other sclerotomy to remove vitreous blood and vitreous

gel. This was done with the aid of the operating microscope and a flat corneal
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contact lens. Following the vitrectomy, the sclerotomies were sutured with 7-0
Vicryl sutures and 20 mg of Gentamiciﬁ was administered subconjunctivally.
) Clinical‘Examinaﬁon and Fundus Photographs:

A complete eye examinétion, inéluding indirect ophthalmoscopy, wwas
performed prior to the onset of experiments, immediately following each
experimental procedure, and at one week, twd weeks, four weeks, and monthly
until a maximum of six months. Cclqr fundus photography was performed at the
same time points using a Topcon fundus camera.

(g) ‘Histological Examination:

At the end of the experimental protocol, each cat was euthanized with 5 mg
Acepromazine, followed by an IV overdose of Pentobarbital (100 mg/kg). Both
eyes were enucleated and fixed in 4%' glutaraldehyde for 15 minutes, followed by
10% formaldehyde fixation. Each eye was prepared for lighi electron-microscopy
with hematoxylin eosin stain. Selected eyes wére prepared for electron
microscopy. In those cases, the eyes were placed in 4% glﬁtéfhldehy'dé'fixative for
at least 24 hours at 4°C. After primary fixation, the part of the eye of interest was
removed with a single edged razor blade. The tissue was then cut for embedding
and placed back in the fixative. After washing the tissue with 0.1M _éacodylate
buffer in 5% sucrose, it was post fixed in 2% Os0, in 0.1% cacodylate buffer for
at least 1.5 hours. The tissue was washed a‘gain and dehydrated in increasing

concentrations of ethanol (50%, 70%, 80%, 85%, 90%, 95%, and 100%). The
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tissues for transmission electronmicroscopy were embedded in Spurr’s low viscosity
medium.
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I.  Technical Objectives:
The USAMRDC Contract #DAMD 17-89-C-9026, Surgical Treatment of

Laser Induced Eye Injuries was contracted for three years to meet the following
technical objectives: |

1. Creation of subretinal hemorrhages in the cat model of human laser

cye injuries.

2. Comparison of the histopathology of laser injury in the cat, and

determination of the time interval post-laser injury for optimal
_ surgical intervention.

3. The development of improved subretinal micrbsurgical techniques to

evacuate subretinal hemorrhages.

4. The study of the toxicity and efficacy of tissue plasminogen activator

(tPA) as fibrinolytic agent to assist in removal of laser induced
subretinal blood clots.

These objectives have all been achieved. Studies in our laboratory have
shown that it is possible to treat laser induced eye injuries using ultramicrosurgical
techniques which we have developed. Subretinal hemorrhages can be removed
with minimal surgical trauma, using tissue plasminogen activator injected into the
subretinal space in experimental animals. Reports of the use of these ultra-

microsurgical techniques developed in our laboratory being used in human patients
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are now appearing. We have demonstrated that a window of time exists following
laser eye injury, extending from day one to day six, during which ultramicrosurgical
evacuation of laser induced subretinal hemorrhages has an excellent chance of

preventing long-term scarring and secondary loss of vision.

1L &Wﬁﬂmgmmnngﬂﬂhmm
| |

During the initial part of the first year, a fully functional experimental

“ surgical suite and experimental pathology laboratory was established. Various

~procedures including halothane anesthesia, lateral canthotomy, conjunctival

peritomy, glbbe immobilization, scierotomy; pars plana phacoemulsificatior, and
pars piana vitrectomy performed on cats and rabbits were perfected. Procedures
for gross pathology examination and phofography, tissue processing into plastic
and paraffin for light and electron microscopy, histological staining and

preparation of specimens for transmission and scanning electron microscopy were

established.
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During the middle of the first year, creation of subretinal hemorrhages in

the cat model was developed using micropipette technology and micro-pumping

~ system to pump fluid under the retina to create a bleb into which blood was

pumped. It was found that a 30 - 60 micron tip of the pipette allowed placement
of material under the retina without loss through a large retinal hole.

In the latter part-of the first year, evaluation of the ‘natural history of
subretinal hemorrhage in the cat followed up to four weeks was completed.
Analysis of the control and experimental cat retina with light and electron
Amicroscopy revealed that complete degeneration of the outer retina occurred

beyond 21 days.

Year Two

The initial part of yéar two was used to evaluate Athve toxicity of tissue
plasminogen activator (tPA) beneath the retina of the cat. No toxic changes of the
retina was found at < 200 ug/ml tPA. Irreversible toxiéity was found at > 1000
ug/ml tPA. The 1000 ug/ml dosage is 50 to 100 times that required for clot
dissolution. Thus, tPA can potentially be used at a non-toxic level for dissolution

of subretinal hemorrhages.
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Studies from the latter part of the second year showed that thick subretina]
hemorrhages > 3 disc diameters in diameter will produce severe degeneration of
the outer retinzr within 14 days. When followed to 28 days, thedegenerati\ée
changes ac‘tualiy worsened without evidence of spontaneous recovery.

Concurrent with the discovery of the potential use of tPA, a more accurate,

reproducible technique of creating subretinal hemorrhages with the use of the

Nd:YAG laser was developed. Furthermore, the laboratory perfected techniques
of making micropipettes to outer diameter of 0.35 - 0.55 mm.

Having completed-many of the preliminary experimental milestones for the
project, the focus of work Was then turned to application of the experimental

techniques into techniques for human subreiinal surgery.

XYear Three

Studies from the initial part of the third year evaluated the possible uses of

tPA fibrolyiic therhpy in the settmg of subretmal he'norrhages Wg;\;anted to see
if tissue plasminogen activator could be injected into the subretinal hemorrhage
and 1) left alone to allow a more rapid dissolution/absorption of the hemorrhage
or 2) be used to assist removal of the subretinal hemorrhage. When tPA fibrolytic
therapy was injected into the subretinal hemorrhage without removal, the

subretinal hemorrhage migrated inferiorly. More importantly, irreversible retinal
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degeneration occurred at the initial and new subretinal hemorrhage sites. When

tPA fibrolytic therapy was used to assist removal of subretinzal hemorrhages,
mipimum to no retinal degeneration occurred. We have also demonstrated that

a window of time exists following laser eye injury, extending from day one to day

- six, during which ultramicrosurgical evacuation of laser induced subretinai

hemorrhages has an excellent chance of preventing long-term scarring and

secondary loss of vision.

We continued to develop a variety of small gauge met'allic needleé ranging
from 27 gauge to 34 gauge in size. Scanning electron microscopic studies shbwed
that the 33 and 34 gauge needles made self-sealing retinotomies and cause minimal
damage to the retinal pigment epithelium. Furthermore, the 33 and 34 gauge
needles have been used to remove subretvinal hemorrhage and subretinal fluid in
the human eye resulting in less iatrogenic injury than when the usual large bore
needles are used.

The laboratory also studied the toxicity of thrombin in the subretinal space.
One hundred units of thrombin in the subretinal space showed less toxic retinal
change?han when 1000 units of thrombin was injected in the subretinal space.
Preliminary studies with basic fibroblast growth factor, a drug that might be used

to reversg retinal degeneration, have shown no toxicity at a dose of 100 ug/ml.
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III. nt of juri irecti
| Although the findings from the three year contract demonstrated ihe
feasibility of treating subretinal hemorrhages that are caused by laser injuries,
currently there is no treatment available for the initial thermal damage after the
laser injury. Direct thermai injury to the retina and retina pigment epithelium'
(RPE) is now irreversible. | |
Future studies will test the feasibility of actualiy treating injured retina and
rescuing damaged retinal photoreceptor cells and RPE cells which have been
impacted by laser energy. The local use of growth factors, such as basic
fibroblastic growth factor; can potentially be used to stimulate the regrowth of
injured photoreceptors. RPE transplantation can also potentially be used to
replace injured RPE cells. The continued development of new instrumentations
such as a micromanipulator to allow fine, microscopic, controlled movements
within the eye to do ultramicroscopic surgery would also greatly assist in treating
laser eye injuries. Lasef lééibns wh;chhave prevxously 7gro;1e»c}n»1 ta V;V»errmranent

retinal damage will be thus treated with the hope of returning the damaged retina

to normal anatomical configuration and function.
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disciform macular scarrinig and perma-

nent visual loss. Thus, there has been -

interest in the removal of subretinal
hemorrhage to reduce the final disci-
form scar and the resultant area of
visual loss.”* The natural course and
histopathologie features of retinal de-
generation over subretinal hemor-
rhages remain poorly delineated to
date. The mechanisms of injury may
involve blood products, glial elements,
or neovascular membranes.*

Studies of experimentally induced
subretinal hemorrhages in animals
have suggested that blood alone can
induce degenerative changes in the
overlying retina.™ These studies did
not, however, establish the time
course of damaging events associated
with clot formation beneath the holan-
glotie (fully vascular) retina.

This study demonstrates a model of
subretinal hemorrhage that uses the
holangiotic retina of the domestie cat
and explores the natural course of ear-
ly events after such a hemorrhage. The
data suggest that fibrin directs the
major mechanical injury and secondary
degenerative processes in the early
weeks after a subretinal hemorrhage.

MATERIALS AND METHODS
Study Design

In the study group, subretinal hemor-
rhages were created heneath the retina
adjucent to the area centralis in one eve
each of 10 domestic cats. In one eye, two
subretinal hemorrhages were created, thus
producing a total of 11 lesions for study.
Lusions were ohserved through 25 minutes
to 14 days, with enucleation for histopatho-
logric evaluation at 25 minutes: 40 minutes:
and 1, 2, 3, 7, and 14 duys. For a control
proup, focal neurosensory retinal detach-
ments (bichs) without hemorrhages were
eveated in five additional cuts hy the sub.
retinal microinjection of balancwl salt solu-
tion (BSS) with transvitreal micrnpipette
techniques. Finally, in two other eyves, a
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tissue-type plasminogen activator solution
(tPA: Genentech, San Francisco, Calif) was
used to create the initial bleb into which the
hemorrhage was induced. This created two
hemorrhages with fibrinolytic agents pre-
sent before any clot formation.

Animals

All animals were purchased from the
Animal Resource Service of the University
of California, Davis, Sacramento. We ad-
hered to the Guide for the Care und. Use of
Laboratory Animals, prepared by the
Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Ani-
mal Resources, National Research Council.
Animals wevre fed and watered ad libitum
and housed as a group with standard fluo-
rescent lighting in “2-howr light-dark cy-
cles. Laboratory studies included a com-
plete blood cell count with differential
count, platelet estimate, prothrombin time,
and partial thromboplastin time. A dilated
fundus examination was performed on all
animals on entry into the stud:-

Creation of Subretinal Lesions

All animals were premedicated with 0.5
mg/kg of subcutaneous acepromazine male-
ate and 0.5 mL of atropine sulfate, then
placed under halothane general endotrache-
al anesthesia for creation of lestons. A later-
al canthotomy was performed. A peritomy
was created. and the four rectus muscles
were isolated. Bipolar cautery was applied
to mainzain hemostasis. A pars plana sele-
rotomy was created 5.5 mm posterior to the
limbus and enlarged to 1.3 mm. A limited
core vitrectomy was performed with an
automated vitrectomy system (Storz, St
Louis, Mo) without infusion. to soften the
eve. Subretinal blebs were created with a
micropipette microinfusion system. A sy-
vinge pump (Harvard Apparatus, South
Natick, Mass) delivered fluid via intrave-
nous extension tubing to an electrnde cou-
Dler containing a gliss micropipette that
measured 40 to 50 um (outer diumeter) at
the beveled tip. A stereotactic microma.
nipulator holding the electrmde coupler al-
lowed contralled manipulation of the micro-
Dipette within the exe. The micropipette
was advanced through the pars plana inei-
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the area centralis.

sion and across the vitreous cavity until it
penetrated the neurosensory retina. Con-
tinuous volumetric pumping of the fluid at
5 L/min for 1 minute was delivered beneath
the retina to create a focal neurnsensory
retinal detachment. For both control and
-experimental eres with subretinal hemor-
rhages, BSS was delivered under the reti-
na. For the tPA group. tPA solution at
200 pg/mL was used to create the bleb. To
ereate an autologous subretinal hemor-
rhage, the tip of a 20-gauge surgical knife
(MVR. Rudolph Beaver Ine. Waltham,
Mass) or a 23-gauge needle wax passed
transselerally into the bleb and then with-
drawn, allowing choroidal blood to fill the
bleb and extend under the retina into the
area centralis.

The sclerotomy was closed with polyglac-
tin =uture and the lateral canthotomy with
nylon suture. The eve then received sub-
conjunetival injections of dexamethasone
sodium phosphate 2 my) and gentamicin
sulfate (20 nyer and topical applications of
atropine sulfate andd neomyein and paly-
myxin B sulfutes and dexamethasonc.

Postoperative Care

The animals were isolated for 8 to 16
hours after surgery, Topical atropine was
applied twice daily and neomyein and poly-
myain B sulfates and dexamethasone three
times daily for 7 days to the operated-on
eve, Animals were followed up with daily
pentivht examination. Shit-kimp examina-
tien, indireet ophthalmoscopy, and fundus
photowraphy  were pertormed  daily tor
Sodays and then every 2 to 4 ddays, For
Kiliing, amimals were premedicated with an
intramusculie injeetion of ketamine hydro-
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Fig 1.~Fundus photograph of a 1-hour-old subretinal hemorrhage in

bt

chlovide (33 myg/ky). then given an intrave-
nous injection of pentobarbital x5 my/kg),
followed by immediate enucleation.

Tissue Processing

Eyes were incised at the pars plana and
placed in 2.5% glutaraldehyvde and 1.3%
paraformaldehyde with 0.1-mol L sodium
caenrdylate buffer at 42C. After 15 minutes,
the anterior xegment includiny the lens was
excized., and both segments were replaced
in fixative. After 24 hours, the fixed poste-
rior evecups were sectioned. and specifie
lesions were photographed. Selected areas
of tizsue were taken for further micruscopic
analyses,’

Microscopy

For light microscopy. tissues were dehy-
drated in graded aleohols and embedded in
hydroxyithylelveol  merthaciolute  (Poly-
seiences Ine, Warrington, Pay, Sections 2 to
3 um thick were cut on an ultiamicrntome
(LKB Ultrotome 1 Bromma, These were
stained with Richardson’s stain.

For trunsmission electron  microscopy
(TEM tissues were postfised in osmium
tetroxide, dehydrated in graded aleohols,
aned embedded in viny levelohexencdioxides
DER 736 3purr's) resin (Electron Micros-
copy Services, Fort Washington, P Seee
tions were cut at a thickness of 75 nm,
Placed on S-mm LM mesh copher grids,
stained with lead citrate, and examined in o
transmi=sion eclectron microseope (Phillips
A1,

For scanning electeom microscopy,  tis-
stes were dehydrated inograded aleohals,
eritical point diied, and piaced on cduminum
mount~ with cotoidal silver paste (Feleos

Fig 2.—Fundus photograph of the same subretina! hemorrhage ast
Fig 1, now 3 days old. A serum-erythroyte interface is evident alon
with a central area of organized coagulum. Retinal wrinkling anc
opacification can be seen over the central clot.

E £O2 % 9

Ted Pella Inc. Redding. Califh These wen

sputter coated with goid and examined in:

seannitig electron microzenpe «Phillips »1.
RESULTS

Clinical Results

Eleven subretinal hemorrhage
were evaluated from 25 minu
through- 14 days. Minimal anterior seg
ment inflammation was noted on post:
operative day 1, which resolved withiz
24 hours. Because of bleeding from the
pars plana sclerotomy zite, three eves
had mild vitreous hemorrhage that set:
tled inferiorly within the 1st hour pust
operatively. No vitreous organizativf
was observed over the subretinal le
sions. There was no evidence of ~u
retinal blood leaking through the pi
pette track in any lesion,

The 11 subretinal hemorrhages were
initially convex, with a uniform. dense
ved appearance (Fig 1. They devet
oped a wravity-oriented serum-ervih
tueyte lavering within 3 to 6 hour
after hemorrhage. In all lesions, there

wias a central wees of oreanized cowsie
lum that didd not settle into the infirer
ervthrocyte Lyver (Fie 21 One
formed, the inferior rim of ervthree
extes atd the central oreunized lisit
did not shitt even with a change
head position for =everal hours, Duritg
the tirst 2 duys, indiveet ophthalmose-
py reveled retinal thickening, wri
Kling, and increused opacification ob
served wver the centead clot. Av 7 amd

Fibrin and Subretinal Hemorrnage — Toth et 3
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Aleratous over the lesion.

Txo additional hemorrhages were
sev.d into blebs containing tPA,
Clir =ully these appeared similar to the
~u..v hemorrhages. They did not en-
or spread during the 1 hour of
.p: vation before enucleation.

+" . five eves from the control group
B: bleb with no hemorrhage) were
it ed up for 1 how 7 days, or 14
do . Mild inflammation was noted in
-h  nterior segment on postoperative
Jar .. This resolved within 24 hours.
Tk . subretinal blebs were resorbed
w21 hours, leaving unremarkable
4 il findings except for a small ta-
« mark identifying the previous
Wiy e entry site. The hematologic
W -oagulation studies for all cats
s - within the normal ranges for our
aboatory. » -

Histopathologic Results

il subretinal hemorrhages, fibrin
si 1 the organized clot demonstrat-
1 -nse sites of interdigitation with
% receptor outer segments (POSs).
T occurred in a central area that
w sponded to the area of organized
w alum seen clinically. Outside of
‘.. central elot, there was scattered
% ¢ without strand formation. In six
1. ae clots more than 1 hour old, the
4 .n strands caused focal traction on
i <s with resultant mechanical retinal
iw age. Throughout the subretinal le-
<vts, fibrin was identified morphologi-
- and by its approximately 22.5-nm
snding pattern” seen with TEM.

Within 25 minutes, fibrin was ob-
«rved to interdigitate with the overly-
s photoreceptor layer (Fig 3) By
t hour, sheets of photoreceptor outer
aml inner segments were torn away
“rom the overlying retina at regions of
Zhrin-POS interdigitation (Figs 4 and
. Neutrophils were prominent along
“he torn margins of the outer and inner
«wyments. Except for this fibrin-asso-
Zuted damage, the retina overlying
"t blood at 1 hour appeared essentiai-
+ normal by light and electron micro-
~eopic examination. Within the subret-
mal space, the ervthrocytes  were
mucked centrally and bordered by the

win, platelets, leukocytes, and a vim
 serous fluid.

At 1 day, the retina frum the outer
suelear layer inward showed minimal
irgenerative changes over the bluod.
A gravity-orviented  ditferentiation of
e subretinal elot was noted, with
wrous fluild  present between  the
srythroeytes and the retina superiory,
Ahile less fibrin and a denzer packing
A eryvthroeytes wis seen inferiovly.
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Fig 3.—Fibrin (arrows) in a 25.minute-old subretinal he:orrha

P

ge is identified in organized

strands extending through the subretinal blood (b) to end in a dense attachment at the

photoreceptor outer segme
the area of attachment ot t!

of neutrophils along the organized fibrin strand (Richardsons st

x 500).

e
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nts (Richardson's stain. original magnification x 125). Inset. Note
fibrin strand to the photoreceptor outer segments and the presence

ain, original magnification

Fig 4.—Clotorganizationina 1-hour-old subretinal hemarrhage. The clot () is densely packed
centrally with criscrossing fibrin strands (f). Marginated over the central clot is a dense layer of
fiorin with torn photoreceptor outer segments (POSs) adherent in a sheet 10 the clot’s surface.
The serum component (s) separates this from the remaining retinal layers {Richardson’s stain,

onginal magnification x 50).

The clot appeared well organized, with
macrophages, many leukocytes, and
fibrin marginated over the central avea
of ervthrocytes. Channels of fibrin
were identified crisscrossing the cen-
tral aveas of blood, and torn sheets of
POSs were seen displaced toward the
center of the packed erythrocytes. A
neutrophil vesponse appeared promi-
nent over the torn sections of POS=
amd along the vemaining disvupted
margins of the vacuoluting inner seg-
ments, By TEM, the photoreceptors
appearcd minimally vacuoluted in -
cits where they remained intact, The

Fibrin and Subretinal Hemorrhage —Toth et al

inner retinal lavers appeared morpho-
logically minimatiy affected by the un-
derlying blood.

The lesions on days 2 and 33 demon-
strated notable organization of the
elot. This continuetl to appear gravity
oviented, with serum located ~uperior-
Iy and ervthiocytes packed inferiorty.
The fibrin and leukoeytic response was
prominent at the ervthrueyte-serum
interface, or at the superior margin of
the ervthrocytes when the serum had
vesorbed. In the 2-day lesion, in which
the serous component had resorbed,
hge retinal folds were adherent to

725




Fig 5.—Transmission electron micrograph of a 1-hour-old subretinal hemorrhage. This area of
the clot demonstrates erythrocytes (e) bordered by a layer of lymphocytes, platetats, and fibrin.
Note the fibrin (small arrows) interdigitating with the photoreceptor outer segments. Large
arrows indicate torn surfaces where photoreceptor inner and outer segments separated from
the remaining retinai layers (R) (original magnification x 1400).
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Fig 6.—A 2-day-old subretina! hemorrhage demonstrating retinal folds adherent to fibrin bands

(arrows) that crisscross the packed erythrocytes (e) (Richa;rdson's stain, original magnification
x 50). |

Fig 7.—A 3-day-old subretinal hemorrhage demonstrating the gravity-oriented clot organiza-
tion and sheets of torn, displaced photoreceptor outer segments. Asterisk indicates the superior
margin of the lesion. In this area. the serum has resorbed. The densest area of fibrin organization
(arrows) is iocated at the erythrocyte-serum interface. More inferiorly in this lesion, packed
erythrocytes (e) with less fibrin correspond to the settied erythrocytes as seenin a typical clinical
picture (Fig 2). Boxed area s enlarged in Fig 8 (Richardson's stain, original magnification x 50).
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fibrin bands, which may have beer
instrumental in their formation (Fig 6)
Throughout this lesion, the photore
ceptors were intact, without any nota.
ble areas of torn POSs. Only few small
foci of fibrin associated individual phe-
toreceptor tearing could be found on
serial sectioning. The intact photore
ceptors showed vacuolization and de-
generation. Both 3-day lesions demon-
strated large sheets of torn POSs
adherent to fibrin bands in the orgal
nized area of clot as seen in Fig 7. Both
hemorrhages showed some residual

- plasma superiorly, and one had promi-

nent retinal folding. Phagocytic cells
with ingested ervthrocytes and POS

debris weye present in ail three lesions '

in fibrin areas and along the entire
outer retinal surface. The neutrophi
response was less prominent than at
1 day, particularly inferiorly in the

lesions. Vacuolization of attached pho-

toreceptor outer and inner segments
was notable. The torn POSs were more
significantly deteriorated. with degen-
erating POSs interspersed in areas of
material no lciger characteristic of
POSs (Fig 8). There was minimal inner
retinal vacuolization.

At 7 days, two separate retina
lesions in one eye demonstrated sig-
nificant destruction of outer retin-
al elements over the blood.The eryth-
rocytes remained densely packed, with
fibrin throughout. The POSs were torn
from the retina over the entire surface
of the clot in the larger lesion, with
more severe degeneration of photore-
ceptor outer and inner segments into
an amorphous band of electron-lucent
material (Fig 9). Minimal outer nuclear
layer pyknosis and loss occurred cen-
trally. The inner retina demonstrated
some increasing vacuolization. Macro-
phages were identified with ingested
degenerated POSs and erythrocytes.
A fibrous-neovascular membrane was
identified originating from the choroi-
dal stab site within one clot. In hoth
lesions, fibrous cells appeared to orga-
nize at the retina and clot margins.
Retinal pigment epithelial (RPE) cells
showed shortened apical microvilli. mi-
tochondrial distortion. rounding of the
apical surface, and reduplicativn
centrally.

By day 14, there was extensive se
vere destruction of the outer retina
layers over sigmificant portions of the
hemorrhagic detachment (Fig 101 Ir-
creasing numbers of phagoceytic cells
were ohserved in the dense ervthr-
evte laver and immediately overlvind
the RPE laver In peripheral arees
over the hemorrhage, photorecepte?
outer and inner segments showed miid
to severe vacuolization and shortening:

Fibrin and Subretinal Hemorrhage —Toth et 3
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gpeiorly where the ‘serum had re-
srbe- 1o there was minimal damage. In
v-ea the retina appeared similar to
-l reattached blebs. The greatest
. te occurrved where the most
. fibrin had organized at the upper
- of the erythrocyte interface. At
ite, there was atrophy and dis-

;zation of the outer retinal lay-
wcluding the outer nuclear layer,
proliferation of fibrocytic cells
his area. In addition, the inner
r layer showed significant vac-
‘ion. Much less damage appeared
= toreceptors over packed ervth-
sy 5 inferiorly. Here the POSs
er :strated minimal  vacuolization
=at rogressively worsened with POS
2re .y as one moved upward toward
‘ea of the erythraeyte-fibrin in-
2. Beneath the entire lesion, the
iemonstrated confluent vacuoles,
anization of cytoplasm, and re-
ation that was more prominent
lly, where it was associated with
ing fibrocytie cells.
he 1-hour hemorrhages into the
‘PA olution, there was extremely
=in -al fibrin formation with no fibrin
“an- ‘ormation. The overlying retina,
zl ing POSs, was intact.

E uation of the RPE base and
1 =ensory retina overlying the con-
] 4SS blebs by scanning electron
wierizcopy  demonstrated  minimal
atiologie changes from simple bleb
“rmiation. Fibrin strands coated the
ZPE, but few individual torn POSs
et identified.. Serial sections with
¢ht microscopic and TEM evaluation
" these blevs showed no significant
“orphologic alterations.” The control
~ions demonstrated few focal strue-
“iral changes in the RPE and phetore-
~pors, which have been reported by

[y

i detachment and reattachment.
“ih findings included the following: at
- hour, apical mounding of RPE cells,

lat T days, minimal POS shortening -

sl ivregularity and a few sites of
P'F. veduplication in focal residual mi-
Sedetachments of less than 20 pm. At
-i days, no photoreceptor degenera-

Noor atrophy was identified in the
“wached BSS lesions.

COMMENT

This study demonstrates a model of
“Mmorrhage beneath the holangiotic
“maof the domestie cat. ldentified
“hin this model is a sequence of clot
“nimization beneath the vetina, axso-
“ed petinal damage, and sites of
fressive retinad degeneration dur-
"¢ the first weeks after injury. This
foeressive,  focally  severe  injury
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Fig 8.—Transmission electron micrcgraph of a section of torn photoreceptor outer segments
" (open arrow) that were displaced centratly in the 3-day-old clot (Fig 7, open box). The segments
still interdigitate with a meshwork of fibrin (solid arrow). Note the severe degeneration of
photoreceptor outer segments with loss of identifiable cellular elements (original magnification

x 2650).
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Fig 9.—Transmission electron micrograph of an area of 7-day-old subretinal hemorrhage.
Fibnin (solid arrows) is identified interdigitating with amorphous maternal that resembles degen-
erated outer segment matenal {(seen atso in Fig 7). The photoreceptor outer segments are
separated in several areas from the overlying retinal layers (open arrows). The photoreceptor
inner segments also show degeneration (original magmitication » 1300).

(partially vaseulavized) retinal model
or have not investigated the progres-
sion of clot organization in the first 14
days. Koshibu™* deseribed the degra-

occurred over 7 to 14 davs after hem-
orrhaye,

Previous studies of subretinal hem-
orrhage have either used a merangiotic
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Fig 10.—A 13-cay-2ld subretinal hemorrhage with focal retinal degeneration i areas overlying

the resording centrai clot. Astenisk indicates the superior portionoftheiesion. The entire lesionis
not in the photograph. Mimimal retinal damace 15 seen superiorly (S) where the serum has
resorcec and infenorly (1) over the packed erythrocytes. The retina overlying the serum-
erythrocyte interface (F) demons:rates loss and disorganization of outer retinal layers (Richarg-

son's stain, onginal magnification « 50).

dation and resorption of ervthrocytes
" over 6 months in the rat eve after the
subrezinal injection of a saline-blood-
heparin mixture. He observed POS
disruption after 2 days and inner seg-
ment degeneration with pyknotic nu-
clei at 20 days after blood injection.
Because of heparinization. this study
did not address the issue of the organi-
zation of blood elements and the effects
of clot formation on survival of the
overlying retina. Glatt and Machemer™
reported irreversible retinal degenera-
tion in their rabbit model of subretiral
hemorrhage within 24 hours. A notable
finding was that the degeneration was
more marked in nonvascularized reti-

nal areas over the hemorrhage. Their

examination of subretinal blood in a
single cat at 3 days suggested less
retinal degeneration than in the rabbit.
In developing the technique to cre-
ate subretinal hemorrhage in this
study. we selected the transscleral
technique of Glatt and Machemer and
combined it with classic subretinal bleb
formation to ensure minimal retinal
damage in creation of these lesions.
With the transscleral hemorrhage
technique, a significant autologous
hemorrhage could be consistently pro-
duced. Maintaining a low intraocular
pressure at the time of choroidal perfo-
ration was an important factor in en-
suring significant subretinal nemor-
rhages. The pipette technique, with a
, low flow of volumetric pumping, in-
duced no significant mechanical injury
to the neurosensory retina or RPE
during bleb formation. Only focal inju-
ry along the pipette track was identi-
fied. This was verified by light micros-
copy, TEM, and scanning electron
microscopy of fresh subretinal blebs.
With this technique, there wus no leak-
age of subretinal blood through the
retinal pipette hole. This was consis-
tent with the observation of Marmor et
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al.™ who demonstrated that with a
micropipette tip of 40 to 30 pm, one or
more pipette tracks had no influence
on outflow of materials from a subret-
inal bleb.

This study was undertaken to deter-
mine the early events associated with
subretinal hemorrhage in a holangiotic
model. The most striking finding in the
1st hour after hemorrhage was rapid
formation of a fibrin clot. The dens .y
of the fibrin meshwork over and
throughout the clot, although variable,
was consistently associated with fibrin
interdigitation witk the photorecep-
tors. The fibrin appeared to cause the
most significant early abnormality due
to mechanical shearing of the photore-
ceptors in six of nine hemorrhages
more than 1 hour old. In lesions where
mechanical damage to photoreceptors
did not occur, striking fibrin attach-
ments were seen between clot and the
overlying retina (Figs 3 and 6). The
fibrin attachments and associated me-
chanical damage were absent in the
relatively fibrin-free hemorrhages in
which tPA was present at formation.

By comparison, in the rabbit model
of hemorrhage beneath merangiotic
retina, Glatt and Machemer" noted
fibrin within the subretinal blood but
only minimal retinal changes (edema-
tous photoreceptors) 1 hour after hem-
orrhage. Perhaps the cat inflammatory
or platelet response is significantly dif-
ferent from that of the rabbit, or the
holangiotic retina responds more rap-
idly to induce significant fibrin
organization.

Fibrin effects also appeared to direct
the areas of degeneration in lesions
after the 1st day. The area of the most
intense degeneration at days 3 through
14 was over the coagulum at the eryth-
rocyte-serunt interface. This corre-
sponded to the area of most abundant
fibrin and most frequent tearing of

PORs. Less retinal degeneration
pearetd above and belw the fi.
dense aven. Indedd, the veting ..
densely pucked ervthroevtes in ..
ferior areas of the hetaorrhage dey.
strated velatively mirmmal histop,:
logic changes, Thiz suggests thu -

ot the meve presence of erythioe, -,

ar i barrvier that couses the variy |
vere degeneration, but rather i
and perhaps other inflammatory o
ucts at the clot interface that ap- .
sponsible for retinal injury.

One could interpret our finding.
showing that the acute fibrin org::.
tion with the sequela of photorece.

disruption induced the later focaiy ..

vere retinal degeneration. Another
terpretation could consider the e,
eration  secondary only to -
mflammatory response in this .

The inflammation, however, migi: -
induced by cell distuption from iii.

mechanical damage,
There is no evidence of signisic
direct retinal injury from creat:

the hemorrhages. control blebs, -

nonfibrin tPA hemorrhages. In .1l
sions, only the 40- to 50-pm .,
track could be identified, along - it
focal site of choroid and RPE ¢ <.
tion corresponding to the pene: .
site. All histopathologic examin: - .oy
early tissue demonstrated no i
injury to the retina. Delaved de- cr.
ation was in an area much larg. t
the small perforation site.

An interesting finding is * .
growth of fibrocytic cells in all -
14-day eyes and a single larg or,
nized fibrovascular membranea h-
day period. Ryan" created
transscleral subretinal hemor ..
while trying to produce subretiy 1r
vascular membranes. The neov -
membranes were not consisten -
duced in his model.

This model of hemorrhage ! ne:
the holangiotic retina could be 1se
for further studies of the
events involved in the degener o
the retina over a clot. The ex
suggest that fibrin involvement ar
nal damage should be more ¢ ti
examined in the early interv: &
subretinal hemorrhage and th: fit
may be an important consider: o
planning treatment or removal -f =.
a subretinal hemorrhage.

Early damage from subretin: | k-
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a consideration in a human pat
with an acute intraoperative suire.
hemorrhage. Removal of the blood
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» inadvisable without the preceding
e of a fibrinolytic agent.
In this study, careful clinical exami-

» tifference in the appearance of le-
jn: that had photoreceptor t aring
shen compared with those in which no

- garing occurred. In a patient it may

w similarly difficult to identify wheth-
o photoreceptor tearing has occurred
£ how extensive this may be. If large
;otoreceptor areas should be tornina
aman patient, the retina may do poor-
g despite fibrinolytic injectior or blood
emoval. The ability to reverse the

hologic sequelae of subretinal hem-
grhages with fibrinolytic agents. is

«ory. The time for any attempted sub-
tinal surgery would appear to be
sefore the onset of irreversible dam-

, which would be at least before 7
bys in the domestic cat, or even possi-
My before the tearing of photorecep-
sors occurs at 1 hour in this model. -
[
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Ultramicrosurgical Removal of
Subretinal Hemorrhage in Cats

re o

Cynthia A. Toth, M.D., Jeffrey D. Benner, M.D., Leonard M. Hjelmeland, Ph.D.,
Maurice B. Landers III, M.D., and Lawrence S. Morse, M.D.

B R Y S R L R L)

NevAmes el

Subretinal hemorrhages are associated with
progressive degeneration of the outer retina
and a corresponding poor visual prognosis.
Mixed results have been reported in previous
attempts to remove such subretinal hemor-
rhages. We developed an ultramicrosurgical
system that used the control of a stereotactic
micromanipulator to direct a micropipette tip
through a small retinotomy into the subreti-
nal space in three cat eyes. Low-dose recombi-
nant tissue plasminogen activator was then
introduced into the subretinal space arovad
the subretinal hemorrhage via a controlled
microinfusion system. The recombinant tis-
sue plasminogen activator solution facilitated
clot lysis and subsequent removal through the
micropipette. Light- and electron-microscopic
analysis of histopathologic specimens dis-
closed good preservation of retinal architec-
ture in the three cat eyes in which experimen-
tal subretinal hemorrhages were removed.
This was in contrast to the retinal degenera-
tion observed in similar but untreated experi-
mental subretinal hemorrhagss.

M Assive SUBRETINAL HEMORRHAGES are associ-
ated with a poor visual prognosis' that is most
likely cuused by a degeneration of the outer
retina.** Accordingly. various surgical ap-
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proaches have been tried to extract these sub-
retinal clots. These approaches have involved
either the use of 20- to 30-gauge cannulas to
wash out or evacuate the subretinal blood or
forceps to grasp and remove the solid clot or
semiliquid blood.*" With any of these tech-
niques, a retinotomy that is at least 310 pm in
size is required (30-gauge cannula). A retinal
hole of this size typically requires some form of
retinopexy and tamponade with intraocular gas
or silicone oil to ensure reattachment of the
retina. A retinotomy of this size also increases
the risk of retinal redetachment and prolifera-
tive vitreoretinopathy.!%!

We developed an ultramicrosurgical system
that uses the control of a stereotactic microma-
nipulator to direct a micropipette with a 50- to
65-um outer-diameter tip across the vitreous,
through the retina, and into the subretinal
space in cats. With this system it is possible to
infuse or evacuate various fluids from the sub-
retinal space in a controlled fashion. Using this
approach, we infused recombinant tissue plas-
minogen activator beneath the retina to lyse
and remove one- and two-day-old subretinal
clots in cats.

]

Methods \

|

We used 3- to 6-month-old,| domestic short-
hair cats according to the Association for Re-
search in Vision and Ophthalmology Resolu-
tion on the Use of Animals in Research and the
National Institutes of Health Gu§de for the Care
and Use of Laboratory Animdis. Laboratory
studies including a normal complete blood cell
count with differential, platelet estimate, bleed-
ing time, prothrombin time, and;partial throm-
boplastin time were required for entry into the
study. Fundus photography was performed
pre- and postoperatively.

Creation of subretinal liemorrhages—A subret-
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inal hemorrhage was created in one eye of each
cat by first making a'subretinal bleb of balanced
saline solution with a micropipette and then
passing a 20-gauge needle through the posteri-
or sclera and choroid and into the bleb and
withdrawing the needle to allow choroidal
bleeding into the subretinal space as previously
described.” Routine veterinary and ophthalmic

care was provided pre- and postoperatively as

reported previously.?

Micropipette fabrication—The glass micro-
pipettes were created from 1.5-mm, thin-
walled capillary tubes that were cleaned with
1 M hydrochloric acid, riiised with distilled
water, and dried. The capillary tubes were then
pulled into two micropipettes (micropipette
puller, Kopf Instruments, Tujunga, California)
and ground to the desired size on an air-driven
grinding wheel” using wet 3-pm abrasive pa-
per. The finished micropipettes were cleaned by
suctioning acetone through them. The tips were
inspected and measured with a standard light-
microscope reticule, before placement in a mi-
cropipette storage tray for gas sterilization.

Ultramicrosurgical apparatus—The ultrami-
crosurgical system consisted of micropipettes
connected to a syringe pump apparatus and
positioned by a stereotactic micrcmanipulator.
A glass micropipette with an ouier diameter of
50 to 65 um at the beveled tip vas placed in
an electrode coupler that was mounted in a
modified Kreiger and Straatsma vitreoretinal
stereotactic micromanipulator (Fig. 1).”* The
stereotactic manipulator provided precision ad-
justments along two arcs of movement on the
side arms and the x, y, and z axes. Standard
intravenous tubing was used to connect the
electrode coupler to a syringe pump (Harvard

Apparatus, Scuth Natick, Massachusetts). The
syringe pump was set-at 5 ul/min for infusion
and between 5 and 200 pl/min for aspiration.
Intraoperatively, the cat’s head was taped to a
fitted foam rubber cushion to stabilize it during
the procedure, which was conducted with the
cat under general anestnesia achieved by intu-

Subretinal hemorrhage removal—Three sub-
retinal hemorrhages were removed with this
system with each cat under general anesthesia
achieved with halothane. A pars plana infusion

line with balanced saline solution was placed

inferotemporally and a pars plana incision was
made. A posterior vitrectomy was performed
with an automated vitrectomy system over the
area of subretinal hemorrhage. With the micro-
manipulator system, the micropipette was posi-
tioned within the vitreous cavity immediately
over the superior margin of the subretinal hem-
orrhage. The micropipette was then advanced
through the neurosensory retina and into the
clot with the microadvancement drive. Recom-
binant tissue plasminogen activator solution
was infused at a rate of 5 pl/min with the
syringe pump to prevent occlusion of the tip
and to help define the entry into the subretinal
space. A solution of either 10-pg/ml recombi-
nant tissue plasminogen activator (one cat) or
200-pg/mi recombinant tissue plasminogen
activator (two cats) in balanced saline solution
was pumped into the subretinal space around
the hemorrhage for 60 seconds (Fig. 2). Thus,
the total dose of recombinant tissue plasmino-
gen activator injected into the subretinal space

ranged from 0.5 to 5 pg. The micropipette was
removed from the eye; no fluid egressed or
backflowed out of the bleb back into the vitre-

Fig. 1 (Toth and associates). The ultramicro-
surgical apparatus. Basic elements include a
syringe pump, intravenous connector tubing,
an electrode coupler, and a glass micropipette.
The electrode coupler and micropipette are
held by a stereotactic manipulator. Inset, The
difference in size between a glass micropipette
with a 60-pum tip and the tip of a 20-gauge
needle is shown.’
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Fig. 2 (Toth an. associates). Diagram of the ap-
proach to subretinal hemorrhage removal with a
glass micropipette. The glass micropipette is inserted
transvitreally through a sclerotomy and stereotacti-
cally manipulated through the subretinal space. Re-
combinant tissue plasminogen activator is injected
through the micropipette and the subretinal hemor-
rthage is then aspirated through micropipette
after fibrinolysis has occurred.

ous. Within 20 minutes, the clo. becane gelati-
nous as it dissolved. A new micropipette with a
65- to 300-pm outer-diameter tip was similarly
introduced into the subretinal space either
through the previous pipette site or at a new
margin of the lesion while infusing a balanced
saline solution at a rate of 5 pl/min. The pump
was switched to the aspirate mode and the
admixture of blood, recombinant tissue plas-
minogen activator solution, and balanced sa-
line solution was removed from the subretinal
space. A thin film of blood often remained
beneath the flattened retina. The micropipette
system was removed from the eye, flushed free
of blood, and reintroduced into the eye. To
remove the remaining subretinal blood, the
micropipette was advanced into the subretinal
space while infusing balanced saline solution at
a rate of 5 pl/min to stir up the remaining
erythrocytes. This mixture was ther evacuated

from the subretinal space through the micropi-
pette as before. This procedure was repeated up
to three times during a given operation. Despite
these efforts, shallow pockets of subretinal
blood remained at the end cf the operation. In
one eye an air-fluid exchange was performed.
The micropipette was removed from the eye
and the sclerotomy and lateral canthotomy
were closed. Standard ophthalmic and veteri-
nary care was provided as previously de-
scribed.’ Postoperatively, the cats were moni-
tored with ophthalmoscopy daily and fundus
photography when possible for three days and
then every two to three days. The cats were
killed 14 days after subretinal hemorrhage
removal with an intramuscular injection of
ketamine hydrochloride, and an intravenous
injection of pentobarbital. The eyes were
immediately enucleated. The tissues were pro-
cessed for light-microscopic analysis as previ-
ously described.?

Subretinal blood removal with metal needles—
The previously described technique was also
used with several types of metal cannulas in-
stead of the glass micropipettes to attempt to
remove subretinal hemorrhages in two eyes.
Blunt cannulas and beveled sharp-tipped 25- to
33-gauge needles (210- to 520-pm outer diame-
ter) were used. In all cases it was impossible to
remove the subretinal blood through the metal
needles, although we were able to inject the
recombinant tissue plasminogen activator into
the hemorrhages. The cats were killed and the
eyes were enucleated.

Results

Clinical results—Before hemorrhage removal,
the one- and two-day-old subretinal hemor-
rhages had the typically formed central coagu-
lum with wrinkling of the overlying retina and
an inferior collection of layered-out erythro-
cytes as reported in our sub.etinal hemorrhage
study (Fig. 3).*

No apparent difference in the efficacy of fibri-
nolysis with either the 10 pg/ml or the 200
ng/ml of recombinant tissue plasminogen acti-
vator was observed. In all cases, the formed
coagulum dispersed into a2 reddish mixture
within five to 15 minutes after adding the re-
combinant tissue plasminogen activator solu-
tion. Leakage from the pipette entry site in the
retina was not evident. No bleeding complica-
tivns associated with the use of subretinal re-




Fig. 3 (Toth and associates). Fundus photograph of

a 30-minute-old experimental subretinal hemor-
rhage in a cat.

combinant tissue plasminogen activator were
observed.

Using this ultramicrosurgical micropipette
infusion and aspiration system, subretinal clots
were successfully lysed and removed in three
cat eyes. The lysed clot and saline mixture was
readily aspirated through the micropipette sys-
tem. Sometimes the blood-recombinant tissue
plasminogen activator admixture occluded the
glass micropipettes with tips with vuter diame-
ters of < 75 um, but not with tips = 75 pm in
diameter. This may have been caused by micro-
scopic bits of clot that occluded the micropi-
pette tips, but were not grossly visible. Micropi-
pette tips 60 to 100 pm in diameter readily
passed through the retina into the clot, whereas
larger tips (greater than 120 pm in diameter)
tended to push the retina away from the pipette
before passing through the retina. In prelimi-
nary in vitro and in vivo tests, the 30- to
33-gauge (inner diameter, 110 um) 2-inch-long
metal needles occluded with all attempts to
withdraw lysed clots.

A small focus of subretinal blood remained
after the initial withdrawal in all cases because
of a loss of communication through the subreti-
nal space as the retina flattened around the
micropipette tip. Redetaching the retina over
the entire lvsed clot area using slow infusion of
balanced saline solution through the micropi-
pette system allowed further access to these
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Fig. 4 (Toth and associates). Fundus photograph of

the same eye shown in Figure 2, 14 days after removal

of the experimental subretinal hemorrhage with re-
combinant tissue plasminogen. activator. The black
marks in the area of the previous subretinal hemor-
rhages are caused by changes in the tapetum from the
transchoroidal puncture (arrows) and the micropi-
pette contact (small arrows). '

areas and a more complete removal of the
remaining hemorrhagic foci.

Clinically, the retina was completely reat-
tached over the area of previous subretinal
hemorrhage within 36 hours of treatment (Fig.

4). Dark tapetal marks were observed at the

sites of previous choroidal perforations that
had created the initial hemorrhage. Even finer
tapetal marks were seen at the site of micropi-
pette retinotomies. Twenty-four to 36 hcurs
postoperatively, mild wrinkling of the retina
was visible, which resolved over the next seven
to 12 days. In the eye with a thin residual rim of
blood, wrinkling cleared after an additional
four days. By Day 8 to Day 12 it was difficult to
discern the area involved with the previous
subretinal hemorrhage from the adjacent nor-
mal retina except for the tapetal marks previ-
ously noted. During the two weeks after hemor-
thage removal, no rebleeding or vitreous
hemorrhage developed.

Histopathologic results—Tissue sections from
the area involved with the original subretinal
hemorrhage were examined with light and elec-
tron microscopy 14 davs after subretinal hem-
orrhage removal. In all three eyes the retinal
architecture was intact except lor foci -with
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Fig. 5 (Toth and associates). A histologic section of
a retina 14 days after removal of an experimental
subretinal hemorrhage with reccmbinant tissue plas-
minogen activator. The photograph illustrates a full-
thickness section of a retina taken from a region that
was previously overlying an experimental subretinal
hemorrhage that was removed after two days. The
cellular architecture is intact except for enlargement
of some of the retinal pigment epithelium and a
decreased length of the photoreceptor outer seg-
ments.

minor changes involving the retinal pigment
epithelium-photoreceptor complex (Fig. 5). In
these foci the photoreceptor outer segments
were short and irregularly aligned as compared
to the unoperated-on control sections. Infre-
quently, a 20- to 40-pm focus of red blood cells
or amorphous debris was observed within the
subretinal space. With electron microscopy, the
photoreceptor outer segments varied from a
normal appearance in most areas, to a few sites
where they were abnormally short, with some
vacuolization and mild distortion (Fig. 6).
These changes were accentuated over the foci of
residual subretinal material. The retinal pig-
ment epithelial cells were mildly distended, but
appeared to be normal otherwise. The photore-
ceptor inner segments and the remaining inner
retinal acchitecture were ultrastructurally in-
tact.

Discussion

Evacuation of an experimental subretinal
hemorrhage with minimal trauma to the retina
was demonstrated using an ultramicrosurgical
system to inject recombinant tissue plasmino-
gen activator solution under the retina and to
remove the lysed clot. Differences between this
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Fig. 6 (Toth and associates). Electron micrograph of
a retina 14 days after removal of an experimental
subretinal hemorrhage with recombinant tissue plas-
minogen activator. The photograph shows preserva-
tion of the retinal pigment epithelium, photoreceptor
outer segments, and photoreceptor inner segments
from 2 region that was previously detached over a
two-day-old experimental subretinal hemorrhage (X
3,300).

approach and those previously reported in-
clude the following: (1) injection of low-dose
recombinant tissue plasminogen activator solu-
tion and evacuation of lysed clot through a
micropipette with a small tip that produced a
self-sealing approximately 200- to 300-pm reti-
nal hole; (2) use of a micromanipulator to
minimize retinal and retinal pigment epitheli-
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um trauma while in the subretinal space; and
(3) a controlled microinfusion system to mini-
mize trauma from rapid irrigation.

We previously demonstrated that recombi-
nant tissue plasminogen activator solution at a
concentration of 1,000 pg/ml is toxic in the
subretinal space of cats, whereas doses =< 200
pg/ml are nontoxic.!* Intravitreally adminis-
tered recombinant tissue plasminogen activator
has been used in humans in doses up to 25 pg to
lyse large fibrin clots’'® and in animal experi-
mental models of subretinal treatment without
hemorrhage removal.""*® Although recombi-
nant tissue plasminogen activator solution was
continuously pumped while we manipulated
the micropipette within the vitreous cavity
(never longer than 15 minutes with a maximal
intravitreal dose of 15 ug), no abnormal intra-
operative or postoperative bleeding was ob-
served. Additionally, recombinant tissue plas-
minogen activator toxicity to the retina
involved with the subretinal hemorrhage or to
the uninvolved retina was not histopathologi-
cally evident.

Features of the glass micropipette that make
itideal for this procedure include the following:
(1) its ability to be drawn into a small tip, (2) a
low resistance to fluid flow, and (3) a transpar-
ent wall. The micropipette tip can be ground to
any size ranging from 3 to 300 pm with a
microgrinding system. The outer diameter of

the micropipette tips that we created was about -

one-fifth the size of the smallest available metal
cannula tip. This small micropipette tip slipped
easily through the retina without any need for a
preliminary retinotomy. Marmor and associ-
~ ates' have demonstrated that retinal holes from
micropipettes 50 um or smaller in diameter do
not result in a discernible loss of subretinal
solution. Work in our laboratory suggests that
tips with an outer diameter as large as 200 pm
will also produce self-sealing holes in the reti-
nas of cats (unpublished data). The smaller
retinal hole created by the guided micropipette
prevented loss of the recombinant tissue plas-
minogen activator solution from the subretinal
space, maximizing its duration of contact with
the clot. Application of low-dose recombinant
tissue plasminogen activator solution may not
be as effective with other techniques that use a
larger-bore cannula and larger retinotomy sites
because greater amounts of the recombinant
tissue plasminogen activater solution may be
lost around the cannula at the retinotomy site.

The smallest metal needles that are currently
available are 33 gauge with a 210-pum outer-

diameter tip. The beveled metal tips of these
needles are long and can easily enter the cho-
roid before the inner lumen of the needle has
completely penetrated the retina. A 33-gauge
cannula with a blunt metal tip deflected the
retina ahead of the needle into the choroid
before penetrating the retina with excessive
injury to both tissues. Once in the subretinal
space, the 210-pm blunt tip was, however,
effective for subretinal infusion.

Another benefit of the glass micropipette was
that it seldom clogged while aspirating the
subretinal blood (when> 75 pm in outer diam- -
eter). In part, this was caused by the contours of
the micropipettes. Despite the small lumen at
the tip, the resistance to fluid flow is low be-
cause of the short length of this narrowed
Jumen (< 1 mm) and the rapid increase in the
inner diameter to a size of almost 1,400 p.m just

‘beyond it. In contrast, the metal needles oc-

cluded in all attempts to- withdraw blood both
in vitro and in vivo.

The transparent glass also allowed for excel-
lent visualization while removing subretinal
blood. The metal system provided no visualiza-
tion to identify movement of blood or sites of
occlusion in the lumen.

One drawback to the glass micropipette is the
large (1.5-mm) outer diameter of the hub that
requires a larger-than-standard sclerotomy.
Another drawback is the potential for the glass
micropipette to break inside of the eye. One
micropipette broke at the point of attachment to
the electrode holder and was removed from the
eye without complication. The micropipette tip
might also fracture while entering the scleroto-
my site. The risk of broken glass within the eye
is a concern in any potential operation. Accord-
ingly, a micropipette cover might be beneficial
in protecting the glass system during entry and
removal from the eye.

We found the degree of precxslon and fine
control offered by the micromanipulator to be
improved over the standard surgical tech-
niques. This equipment provided controlled
advancement and retraction of the surgical tip
by micrometers rather than millimeters, result-
ing in less trauma to the eye. Conversely, free-
hand surgical manipulation allows more rapid
and flexible movement in approaching the reti-
na, but may tear the retina and ‘njure subretinal
structures during lengthy subretinal proce-
dures as a result of tremor.

The added benefit of the microinfusion and
microwithdrawal pump in this system was the
precise flow control it provided. This allowed a
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steadier rate of rubretinal infusion and prevent-
ed an uncontrolled rapid detachment of the
retina. This may be important in preventing the
loss of retinal pigment epithelial cells by vigor-
ous subretinal infusion. Vigorous subretinal
infusion has been used experimentally to re-
move the retinal pigment epithelium from
Bruch’s membrane in preparation for retinal
pigment epithelial transplantation.” It would
seem prudent, therefore, to maintain a gentle
flow of solutions beneath the retina to avoid
such retinal pigment epithelial damage. This
may be responsible, in part, for the relative
histopathologic preservation of the three eyes
of our cats at 14 days.

This ultramicrosurgical system removed sub-
retinal hemorrhages with a minimum of retinal
pathologic sequelae. The relatively intact reti-
nal architecture of the three eyes in which the
experimental subretinal hemorrhage was re-
moved was in sharp contrast to the retinal
degeneration observed over similar, but un-
treated experimental subretinal hemorrhages?
and to the poor retinal preservation in other
experimental subretinal hemorrhage treatment
studies.!”® The areas of mild photoreceptor
outer segment changes that we observed after
hemorrhage removal were similar to those ob-
served in other models of experimental retinal
detachment.’* These changes probably repre-
sented reattachment and regeneration changes
that might be expected to normalize over a
greater time. However, even if these photore-
ceptor outer segment abnormalities would not
improve with time, the condition of the outer
retina was substantially better than that of
untreated 14-day-old subretinal hemorrhages.
Identically produced subretinal hemorrhages
resulted in severe outer retinal degeneration
with loss of photoreceptor outer segments,
photoreceptor inner segments, and part of the
outer nuclear layer by Day 14.> Although the
three eyes in this study fared better than those
that were untreated in our previous work,? a
larger study will be necessary 1or a true histo-
pathologic picture. We are currently evacuating
experimental subretinal hemorrhages at later
time intervals to define the window of oppor-
tunity during which this surgical intervention
might be useful.

Although experimental at this time, some
features of this approach might eventually be
applicable to subretinal operations. Studies of
human subretinal membrane and hemorrhage
removal have had mixed results.*"* Advancing
beyond the currently available instrumentation

to an ultramicroscopic subretinal surgical sys-
tem may help to improve the visual outcome in
these cases.
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OPHTHALMIC MINIATURE

Knowing he was coming, Peggy had decided against sunglasses, a sign of
trust to leave them off. Her wall-eyes are naked to him, her face has this
helpless look, turned full toward him while both eyes seem fascinated by
something in the corners of che ceiling. He knows only one eye is bad but he
never can bring himself to figure out which. And all around her eyes this net

of white wrinkles the sunglasses usually conceal.
John Updike, Rabbit Redux
New York, Fawcett Crest Books, 1971, p. 99
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